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FLO-2D Model Development Below Caballo Dam

Introduction

This report describes the development of the Rio Grande Canalization Project (RGCP)
FLO-2D model from Caballo Dam to American Dam. FLO-2D is a two-dimension channel and
floodplain flood routing model for predicting floodwave attenuation, floodplain inundation and
spatially variable water surface elevations. This model will be used to support the development
of the Upper Rio Grande Water Operations Model (URGWOM) for the reach from Caballo Dam
to American Diversion Dam in El Paso, Texas (105 river miles). The model development is a
collaborative project between the U.S. Army Corps of Engineers (Corps) and the International
Boundary and Water Commission (IBWC).

A flood hydrologic review and sediment supply review were completed as precedents to
the development of the RGCP FLO-2D model. The purpose of the hydrologic review was to
evaluate various flood events (hydrographs) for simulation in the RGCP reach. The Corps’1996
report, ‘Rio Grande Canalization Improvement Project, Hydrologic and Hydraulic Analyses’
prepared for IBWC was the primary resource in configuring the flood hydrograph scenarios.

The sediment supply review evaluated previous sediment studies and available data in the RGCP
reach. The Corps’1996 Rio Grande Canalization Improvement Project, Volume 3,
“Sedimentation Analysis from the Rio Grande Tributary Basins” report and the accompanying
appendices prepared for IBWC constituted the principle documentation and data for the review.
The Corps documentation and analyses were prepared in conjunction with Resource Technology,
Inc. (RTI) of Albuquerque and submitted to IBWC in July 1996.

FLO-2D Model Development

This section discusses the compilation of the hydrologic, topographic and channel cross
section data bases and the development of the model physical components. The data base
represents one of the best data bases ever compiled for a large river reach for the purpose of
flood simulation. The topographic resolution and cross section coverage of the river is
considered to be excellent.

Data Acquisition and Review — Hydrologic Data

The 1996 Hydrologic and Hydraulic Analyses Report prepared for the IBWC Rio Grande
Canalization Improvement Project presented the results of a HEC-1 modeling effort to determine
the project design flood peak discharges at selected locations from Caballo Dam to American
Dam. The project design flood is represented by the 100-yr, 24-hr design storm centered over
the Rio Grande basin below Caballo Dam. The study assessed the Rio Grande channel capacity
and potential channel scour to evaluate flood control protection and channel stability in the
reach. The total contributing watershed downstream of Caballo Dam (constructed in 1938) is
approximately 900 square miles and encompasses numerous tributary arroyos. The contributing
basins include steep arroyos, some of which have flood detention storage basins constructed by
the Natural Resources Conservation District (NRCS). Several issues related to potential flood
inflows to the RGCP were identified.

1



e Releases from Caballo Reservoir;
e Design storm selection including point rainfall, distribution and depth-area reduction;

e Application of the HEC-1 model including rainfall/runoff method, assumptions and
selected parameters;

e Rainfall loss estimates and percent runoff;
e HEC-1 model results.

Each of these issues was discussed in the previously completed Hydrology Technical Review
report.

Caballo Reservoir Flood Release. A worst case scenario for RGCP flooding assumed
the combined 100-yr, 24-hr general storm below Caballo Dam with occurrence of 100-yr
snowmelt conditions in the upper Rio Grande watershed resulting in a 5,000 cfs release from
Caballo Dam. Without an increase in water supply, a change in water operations or replacement
of the Caballo Dam outlet facilities, it is unlikely that a 5,000 cfs would be released frequently
enough to occur during the 100-yr 24-hr flood event. The assumption of a constant outlet release
of 5,000 cfs during the 100-yr general storm constitutes 20 to 25% of the downstream 100-yr
flood peak discharge. The Corps was directed by IBWC to assume a conservative constant
release of 5,000 cfs from Caballo Dam. Discharges over 3,000 cfs have occurred about 11% of
the time in post-Caballo gage record. Accordingly, the combined probability of a 5,000 cfs
release concurrent with a 100-year, 24-hr storm would exceed a 0.01 chance of occurrence. The
assumption of a 5,000 cfs release during the 100-yr 24-hour general storm is no longer valid
considering the reservoir operation since the1997 Court Order No. CIV-90-95 HB/WWD.

Appendix F of the IBWC Draft EIS (DEIS, 2004), states that a controlled release of 5,000
cfs (maximum possible outlet discharge) from Caballo Dam can only occur “...when the
reservoir reaches maximum water surface elevation (p. F-1, DEIS). The maximum water surface
elevation is 4,182, approximately 10 ft above the top of the active conservation pool elevation
and “...above typical reservoir operation conditions (p. F-1, DEIS). The Caballo Reservoir
water surface elevation has reached 4,182 only once (1942) since dam construction in 1938
(Figure 1). The reservoir has been operated under Court Order No. CIV-90-95 HB/WWD since
1997 and the reservoir level during the summer irrigation has been controlled at about elevation
4,145 (plus or minus about 3 ft), yielding between 50,000 af and 80,000 af of storage. The
spillway crest elevation is 4,161 and the spillway is equipped with radial gates that when closed
extend the conservation pool up to an elevation of 4,172.44. When the flood pool reaches an
elevation of 4,182, the outlet works can discharge 5,000 cfs. The DEIS (Parsons DEIS, p. 19,
Appendix G) indicates that “...at present the feasibility of any release is questionable
as...Caballo Dam operation regime...would not support peak discharges near the 5,000 cfs
theoretical maximum value.” The fact that 5,000 cfs dam release or higher has been achieved so
infrequently (four times in the past 65 years: 1942, 1987, 1992, 1995 at the USGS gage below
Caballo Dam), underscores that it is highly unlikely that 5,000 cfs would be released during a
general storm in the valley. In other words, the combined probability of the 100-yr, 24-hr
general storm and a coincident 5,000 cfs release from Caballo Dam is less than 1 percent in any
given year.



Future opportunities for a 5,000 cfs release appear to be limited. The DEIS (p. F-1,
Appendix F) states, “...(w)hile the potential extent of overbank flows was analyzed based on a
maximum theoretical value - 5,000 cfs discharge - it is important to emphasize that full discharge
conditions would be reached only after several years of planning, gradual implementations and
regular monitoring.” This statement is echoed on page 4-6 of the DEIS where it is suggested that
“...the maximum Caballo Dam discharge value would be reached at the end of a 20-year
implementation period by gradually increasing releases of small magnitude.” Without an
increase in water supply, a change in water operations or replacement of the Caballo Dam outlet
works, it is improbable that a 5,000 cfs would be released during the 100-yr flood event.
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Figure 1. Maximum Annual Water Surface Elevation in Caballo Reservoir 1938-2003
(Bureau of Reclamation, March, 2004, El Paso Office, personal communication)

To assess the appropriate 1% flood, the design storm flood hydrology should be
considered to occur with the average release from Caballo Dam. Caballo Dam is typically
operated in the summer months at flows less than bankfull discharge. Average monthly flows
range from 2,350 cfs in the upper reach to 1,600 cfs in the lower reach. The RGCP channel has a
conveyance capacity that ranges from 2,500 cfs to 3,000 cfs in the Upper Rincon Valley to less
than 2,000 cfs in the Lower Mesilla and El Paso Valleys. Release scenarios that exceed this
amount will be subject to some overbank storage and floodwave attenuation. Following
discussions between IBWC and the Corps of Engineers, it was decided that the design flood
event would consist of the design storm flood inflow with a constant release of 2,350 cfs from
Caballo Dam.

Design Storm Selection. The largest part of the drainage basin contributing to the Rio
Grande Canalization Project is in the upper half of the reach extending from Caballo Dam to
Leasburg Dam (792 mi” out of 894 mi’ in the basin). This upper basin will generate the flood
inflow hydrographs for the lower river reach. The issues to be considered regarding the selection
of the design storm are:
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e What type of storm should constitute the project design storm?
e Was the 100-yr, 24-hour total rainfall a reasonable estimate for this area?

e Would the river discharge be greater in terms of both peak discharge and volume
downstream of any arroyo confluence if a local convective thunderstorm occurred in
arroyo watershed instead of the general 24-hour storm over the entire RGCP basin?

In the Hydrology Technical Review it was confirmed that Corps selection of the total rainfall
amount for different duration storms was appropriate. The records from two local rain gages
within the basin were analyzed for duration and frequency (Table 1). It was also confirmed that
the 24-hr general storm over the entire basin will produce the highest peak discharge and largest
storm volume from one of the major arroyos in the Rio Grande Canalization Reach (Table 2).
The supporting hydrologic analysis and documentation is presented in Appendix A. The runoff
simulation was based on the Corps’ Synder’s unit hydrograph method and uniform loss rates.
Other rainfall loss methods such as Green-Ampt infiltration could generate different results. It
was concluded that the Corps’ selection of the 100-yr 24-hr general storm (3.8 inch point
rainfall) as the design storm for tributary arroyo flooding to the Rio Grande Canalization Project
was appropriate.

Table 1. 100-year Storm Total Rainfall
Storm Corps’ Point Jornada* Hillsboro*
Duration Rainfall (in) Gage 91 yrs Gage (°‘46-°04)
2-hr 2.53 - 2.19
6-hr 3.00 - 249
24-hr 3.80 2.82 3.53
*Extreme Value Distribution best fit using a King’s Table in the FreqPlot Program (duRoulhac, 1990)

Table 2. Trujillo Arroyo HEC-1 100-yr Storm Rainfall Runoff Simulation Results’

Storm Total Point | Depth Area Applied Excess Runoff Peak Q Time to
Duration Rainfall (in) Reduction Rainfall (in) Loss (in) Rainfall (in) | Volume (af) (cfs) Peak (hrs)
2-hr 2.53 0.68 1.72 1.07 0.65 (38%) 1,840 3,820 4.83
6-hr 3.00 0.71 2.13 1.33 0.80 (38%) 2,240 4,465 7.75

24-hr 3.80 0.77 2.93 1.92 1.01 (35%) 2,840 5,815 9.67

"Based on the Corps Original HEC-1 model using Synder’s Unit hydrograph method

HEC-1 Hydrologic Model Application for Inflow Flood Hydrographs. The Snyder
Unit hydrograph method was applied in the Corps HEC-1 rainfall/runoff simulations to generate
the contributing arroyo flood hydrographs to the Rio Grande. The Snyder unit hydrograph
method relates the computed hydrograph characteristics (peak discharge, basin lag time,
hydrograph base time, and duration at specified discharges) to the watershed parameters. The
primary assumptions associated with applying this method is that the runoff results are not storm
sensitive and that the rainfall runoff can be combined linearly. Snyder’s unit hydrograph method
was based on data from the eastern United States where the watersheds tend to be larger, the
basin slopes milder and the time to peak longer. The concern is that the Snyder Unit Hydrograph
Method may tend to underpredict the peak discharge because the longer routing times that may
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not be representative of steep slope, poorly vegetated western semi-arid watersheds with
imperious areas. In steep arroyo watersheds, the hydrographs tend to have a fast rising, frontal
wave peak discharge. A sensitivity analysis of the peak discharge to variation in the Snyder unit
hydrograph parameters was performed. Recommended adjustment of the two primary
coefficients results in a 37% increase in the peak discharge of 8,000 cfs for a test arroyo tributary
to the Rio Grande. See Appendix A for further analyses and discussion.

Rainfall Loss Estimate and Excess Runoff. The HEC-1 model predicted excess runoff
for the subbasin areas ranged from 34 to 39 percent of the total rainfall after depth area
reduction. This was based on an initial loss (abstraction) of 0.90 inches and 0.20 inches per hour
uniform loss rate. The uniform loss rate of 0.20 inches was noted by the Corps to be widely used
in hydrologic studies in the southern New Mexico area. The 0.90 inch initial loss was calibrated
to two regional equations; one developed by the USGS (1986) and the other developed by the
Albuquerque District (1990). If it is assumed that the USGS equation is underpredicting the 100-
yr peaks, then adjustments should be made to the initial loss. When the initial loss rate was
reduced from 0.90 to 0.70 inches while maintaining the uniform loss of 0.20 inches, the results
from Trujillo Arroyo for the 100-year flood showed an 18% increase in peak discharge.
Reducing the initial loss did not appreciably affect the time to peak. Following discussions with
the Corps and IBWC, it was decided to apply the lower initial loss rate to determine the return
period flood inflows. See Appendix A for further analyses and discussion of the effect of
varying the rainfall initial and uniform loss rates on tributary flood peak discharge and volumes.

HEC-1 Model Results. The Rio Grande Canalization Project HEC-1 data files were
modified with the following changes:

e [Initial Loss was reduced from 0.9 inches to 0.70 inches. This will increase the subbasin
runoff.

e C,was increased from 0.61 to 0.70. This will increase the subbasin runoff.

e C; coefficient was decreased from 0.60 to 0.5. This will decrease the time of
concentration.

e Channel n-values (for flood routing)were increased from 0.02 to 0.032. This will
increase the travel time of the floodwave and increase the overbank flow. This may also
steepen the rising limb of the hydrograph.

¢ Floodplain n-values were increased from 0.030 or 0.035 to 0.085. This will increase the
travel time of the floodwave and may redistribute some of the flood volume affecting local
peak discharge.

e Wasteway n-values were increased from 0.015 to 0.025. This should have negligible
effects on the results.

The Corps original 100-year peak discharges for the Rio Grande between Caballo Dam and
American Diversion Dam are listed in Table 3 along with the revised values based on the
aforementioned rainfall loss parameter changes. The changes to the hydrologic parameters were
made following discussions with the Corps and IBWC.



Table 3. 100-year 24-hr Peak Discharge
Caballo Dam to American Diversion Dam
Rio Grande Location Corps Original Q, | Recomputed Q,
Discharge Downstream of the Following Sites (cfs) (cfs)
Caballo Dam release 5,000 5,000
Trujillo Canyon 9,100 12,700
Montoya Arroyo 11,300 15,900
Green Canyon 11,700 15,800
Tierra Blanca Arroyo 15,600 23,200
Sibley Arroyo 17,600 24,300
Berrenda Arroyo 18,700 25,200
Arroyo Cuervo 18,900 24,300
Placitas Arroyo 19,100 21,300
Angostura Arroyo 17,800 19,500
Rincon Arroyo 22,400 24,100
Reed Arroyo 22,500 24,300
Broad Canyon 22,400 20,800
Faulkner Canyon 22,200 19,300
Leasburg Diversion Dam 22,200 19,200
Shalem Bridge 20,900 18,100
Dona Ana Dam 21,000 18,200
Picacho Dam 21,300 18,400
Mesilla Diversion Dam 20,000 17,400
Vinton, Texas 16,500 14,600
Nuway, Texas 16,300 14,500
Canutillo, Texas 15,900 14,200
Borderland, Texas 15,000 13,400
Courchesne Bridge 14,400 12,800
American Diversion Dam 14,000 12,500

Table 3 indicates that the HEC-1 data modifications result in a Rio Grande 100-year 24 hour
storm peak discharge that occurs further upstream in response to the runoff from the larger
watersheds in the upper third of the drainage. Floodwave attenuation was more significant in the
downstream reaches. These data revisions produced an increase in the peak discharge with
reasonable variation of the HEC-1 parameters.

Data Acquisition — Sediment Supply Analysis and Review

The scope of work for the application of the FLO-2D model to the Rio Grande
Canalization Project included a task to review existing sediment studies and recommend
sediment loading for the project design event. The goal of the sediment supply review was to
evaluate the available data regarding tributary sediment loading completed by the Corps for the
RGCP reach. A review of the Corps’1996 Rio Grande Canalization Improvement Project,
Volume 3, “Sedimentation Analysis from the Rio Grande Tributary Basins” and the
accompanying appendices prepared for IBWC constituted the documentation and data for the
review. The Corps documentation and analyses were prepared in conjunction with Resource
Technology, Inc. (RTI) of Albuquerque and submitted to IBWC in July 1996.



Since upstream Caballo and Elephant Butte Reservoirs have curtailed the sediment
supply from the Middle Rio Grande, the sediment load for the design flood events are limited to
that contributed by the arroyo tributaries in the RGCP watershed. One of the important issues is
whether the RGCP channel is in approximate sediment transport equilibrium in terms of
supporting the existing channel morphology. Channel maintenance activities have initiated
channel incision and head cutting for several miles in at least two reaches. This is evidence that
there is a sediment deficit in the system and the current tributary sediment load may not sustain
the existing channel morphology in response to future channel maintenance activities.

The methodology for predicting the sediment yield to the RGCP presented in the 1996
Corps and RTI report is very good. The selection of the equations, the application of the
equations based on size fraction, and the computation of the mean annual sediment load
constituted an excellent approach to evaluating the total sediment supply to the river. The report
indicates that the variability in the total sediment load results for some basins may be attributed
to a combination of factors including hydrology, watershed properties and hydraulics. The final
product of this work was a regression equation relating tributary sediment supply Qs as a function
of tributary basin area for each return period storm. The mean annual sediment supply Qgm in
acre-feet was then computed for each tributary using the equation:

Qsm = 0.015 Qs 100yr + 0.015 Qs 50yr + 0.04 Qs 25y +0.08 Qs 10yr + 0.2 Qg 59r + 0.4 Qg 2y

The results are listed in Table 4 in the column labeled ‘Original Mean Annual Yield’. By
dividing the mean annual yield by the drainage area, a sediment yield by unit area is computed.
This value is listed in column 5 of Table 4. The average sediment yield per unit area for all the
basins is 3.48 af/mi*/yr as shown at the bottom of the table.

This average sediment yield can be compared with accumulated sediment storage of
NRCS detention basins within the RGCP area. The average annual sediment yield by survey or
by PSAIC sediment yield estimate of NRCS reservoirs is displayed in Table 5. The average
sediment yield ranges between 0.5 and 0.6 af/mi*/yr. This information is a mixture of actual
resurvey data provided by the Corps and RTI report and recent updated sediment yield estimates
provided by the NRCS. Some data that was published as resurvey data in the Corps report may
have been based on the best available mapping as in the case of Caballo #2 which was later
corrected in the more recent NRCS 2005 estimates. It is appropriate to indicate that although
there is some variation in the sediment yield estimates, most of the sediment yield is less than 1
af/mi*/yr. The Corps and RTI average sediment yield per unit area is on the order of 6 to 7 times
larger than that estimated from the NRCS detention basin analyses. Some of this difference can
be attributed to the limited large storm sediment contribution in period following construction of
the detention basin. On the other hand, there is sufficient data to justify stating the average
annual sediment yield should be less than 1 af/mi*/yr. It appears that the sediment yield
presented in the Corps and RTI report is over estimated. The reasons for the over predicted
sediment yield is discussed following the tables.



Table 4. Estimated Adjusted Sediment Yield

Distance Basin Original Original Adjusted Adjusted

from Watershed' Drainage | Mean Annual Yield per Adjustment Mean Yield per

Caballo Dam Name Area Yield Unit Area Factor F,°> | Annual Yield Unit Area

mi mi? aflyr afimi/yr af af/imi/yr
2.8 Misc.1 16.70 10.64 0.64 0.504 5.34 0.320
4.6 Trujillo Canyon 52.90 18.88 0.36 0.775 14.70 0.278
5.9 Montoya Arroyo 23.00 12.22 0.53 0.568 6.93 0.301
6.9 Misc. 2 2.20 5.47 2.49 0.236 1.29 0.587
7.6 Green Canyon 35.60 15.13 0.43 0.668 10.13 0.284
7.6 Tierra Blanca Creek 68.20 22.09 0.32 0.852 18.95 0.278
9.5 Sibley Arroyo 27.20 13.22 0.49 0.604 7.99 0.294
11.0 Berrenda Creek 87.40 26.02 0.30 0.935 24.54 0.281
11.0 Jaralosa Arroyo 6.80 7.69 1.13 0.360 2.76 0.405
13.4 Misc. 3 9.50 8.6 0.91 0.408 3.49 0.368
14.4 McLeod Arroyo 14.20 9.98 0.70 0.474 4.71 0.332
15.0 Arroyo Cuervo 126.20 33.82 0.27 1.073 36.69 0.291
17.1 Misc. 4A 3.00 5.99 2.00 0.265 1.58 0.528
19.7 Reed-Thurman 3.25 6.13 1.89 0.273 1.67 0.514
215 Misc. 4 14.50 10.06 0.69 0.478 4.79 0.330
22.4 Placitas Arroyo 34.60 14.91 0.43 0.661 9.87 0.285
23.0 Spring Canyon 7.40 7.91 1.07 0.371 2.92 0.395
25.0 Misc. 5 11.80 9.3 0.79 0.442 4.10 0.347
27.3 Ralph Arroyo 2.45 5.64 2.30 0.246 1.39 0.566
27.0 Angostura Arroyo 8.90 8.41 0.94 0.398 3.33 0.375
28.4 Rincon Arroyo 124.70 33.52 0.27 1.068 36.20 0.290
28.9 Reed Arroyo 9.60 8.64 0.90 0.409 3.52 0.367
31.0 Misc. 6 43.50 16.88 0.39 0.720 12.19 0.280
37.0 Lytten Canyon 0.96 4.24 4.42 0.173 0.74 0.771
39.5 Buckle Bar Canyon 212 5.41 2.55 0.233 1.26 0.594
39.6 Broad Canyon 68.00 22.05 0.32 0.851 18.89 0.278
417 Misc.7 10.38 8.88 0.86 0.422 3.73 0.359
42.5 Foster Canyon 11.00 9.06 0.82 0.431 3.89 0.354
44.0 Faulkner Canyon 25.00 12.7 0.51 0.586 7.43 0.297
46.4 Subarea 15 3.40 6.22 1.83 0.278 1.72 0.507
49.0 Subarea 16 3.80 6.43 1.69 0.290 1.86 0.488
51.2 Subarea 17 4.92 6.95 1.41 0.319 2.21 0.449
52.7 Subarea 18 2.80 5.87 2.10 0.258 1.51 0.541
53.5 Subarea 19 2.60 5.74 2.21 0.251 1.44 0.554
55.1 Subarea 20 3.00 5.99 2.00 0.265 1.58 0.528
56.5 Dona Ana Arroyo 6.94 7.74 1.12 0.363 2.80 0.403
56.5 Dona Ana N. Arroyo 2.16 5.44 2.52 0.234 1.28 0.590
57.0 Apache Canyon 7.80 8.05 1.03 0.379 3.03 0.389
57.8 Box Canyon 8.70 8.35 0.96 0.395 3.28 0.377
65.4 Subarea 23 0.87 4.1 4.72 0.167 0.69 0.795
66.3 Subarea 24 4.20 6.62 1.58 0.301 1.98 0.472
90.3 Subarea 101 2.90 5.93 2.04 0.262 1.55 0.534
90.6 Subarea 102 6.53 7.59 1.16 0.354 2.68 0.410
92.0 Subarea 103 5.35 713 1.33 0.329 2.34 0.437
93.3 Subarea 104 3.54 6.29 1.78 0.282 1.77 0.500
93.7 Subarea 105 0.98 4.27 4.36 0.174 0.75 0.766
95.3 Subarea 106A 1.95 5.28 2.71 0.226 1.19 0.611
95.3 Subarea 106B 7.40 7.91 1.07 0.371 2.92 0.395
95.5 Subarea 106C 8.15 8.16 1.00 0.385 3.13 0.384
100.4 Subarea 207 1.50 4.88 3.25 0.205 1.00 0.667
102.4 Subarea 205 0.43 3.18 7.40 0.128 0.42 0.969
102.7 Subarea 206 0.60 3.61 6.02 0.145 0.53 0.887
102.9 Subarea 204 0.42 3.15 7.50 0.127 0.41 0.974
103.5 Subarea 203 0.34 2.88 8.47 0.117 0.35 1.023
103.7 Subarea 202 1.78 5.14 2.89 0.218 1.12 0.630
105.8 Subarea 301 2.58 5.73 2.22 0.250 1.43 0.556
106.1 Subarea 302 2.20 5.47 2.49 0.236 1.29 0.587
average 3.48 average 0.480

1Original study watershed are listed in bold type

2Adjustment Factor F, = 5.69 Ag %>

where A, = basin area




Table 5. NRCS Reservoir Sedimentation
Sediment Yield (af/mi’/yr)
Watershed Resurvey (yrs) | Initial Resurvey' NRCS 2005°
Caballo #1 7.80 0.64 0.64
Caballo #2 13.10 1.31 0.20
Caballo #3 13.50 0.66 0.66
ABM #1 7.20 0.87 0.87
ABM #2 7.20 0.33 0.33
ABM #3 8.70 0.59 0.59
ABM #4 8.00 0.70 0.70
Fillmore Arroyo #1 10.20 0.34 0.34
Fillmore Arroyo #2 10.20 0.35 0.35
Fillmore Arroyo #3 10.20 0.27 0.27
Tortugas #1 5.66 0.69 0.69
Tortugas #2 9.66 0.38 0.38
Dofa Ana #1 14.80 0.66 0.77
Dofia Ana #2 13.00 0.15 0.15
Hatch Valley #5 Upstream 9.10 1.55 0.91
Hatch Valley #5 Downstream 0.30
Hatch Valley #2 0.31
Hatch Valley #3 0.51
Hatch Valley #6 0.19
Average 0.63 0.48
Std. Dev. 0.38 0.24
'Extracted from Table 5-11, Corps Sedimentation Analysis from the Rio Grande Tributary Basins
’NRCS sediment yield estimates based on PSAIC and resurveys (provide by Robin White, 2005)

A detailed analysis of the potential sediment loading as estimated in the Corps and RTI

report is presented in Appendix B. This analysis indicated that the high tributary sediment loads
computed in the report were the result of following factors:

Overestimate of the tributary flood velocities resulting from low n-values and a
supercritical flow assumption.

Inappropriate computed sediment loads by combining the results of MPM-Woo equation
and Colby adjustment procedure for the effects of fine sediment.

Inappropriate selection of the critical shear stress parameter for both incipient motion and
for the MPM bed load equation.

Possible overestimates of the wash load associated with parameter selection in the
MUSLE equation.

Over estimated total sediment load using the Colby adjustment factors because the
MUSLE wash load is overestimated.

Most of the overestimated total load can be attributed to the application of the Colby adjustment
factor based on wash load concentration and bed material median diameter. For the Subarea 23
and 24 Arroyos, the Colby adjustment increases the total bed material load by factor of almost
10. It should be noted that the Colby method is based on limited data and a number of

9



uncertainties in the graphical representation of the factors (Simons and Senturk, 1976). Yang
(1996) concluded that “(b)ecause of the range of data used in the determination of the rating
curves ...Colby’s approach should not be applied to rivers with median sediment diameter
greater than 0.6 mm and depth greater than 3 m.” Seventeen of the twenty tributary study basins
have a Ds size greater than 0.6 mm. Further discussion on the overestimate of the tributary
sediment yield is provided in Appendix B along with a list of references.

Several recommendations were made in the Sediment Analysis Technical Report to
improve estimated tributary sediment yield for future analyses. These included:

1. Update the NRCS reservoir survey data in the RGCP basin. This was completed and is
presented as the column NRCS 2005 in Table 5.

2. The sediment total load computations should be calibrated to the NRCS reservoir survey
mean annual load. This was completed and the results are discussed below.

3. A further review of the potential increased runoff from short duration, high intensity
storms. This was completed and was discussed in the previous section with the review of
the Hillsboro raingage data base.

4. The flood hydraulics should be revised with more representative n-values and a
subcritical flow assumption. This task became moot when the recommendation 2 was
completed.

Initially a re-analysis of the tributary sediment loading was considered by undertaking a
detailed re-evaluation of the wash load and bed material load computations. The end product of
this task was to calibrate the sediment yield per unit area to the NRCS 2005 detention basin
storage sediment yield estimates. Many of the parameters and assumptions in the analysis would
have to be changed several times to complete the calibration. A simpler approach to achieving
the same result is to adjust the sediment regression equation as a function of basin area. This
equation for total sediment load Qr was of the form:

QT =A|+Ay Ay + Aj LOg (Ab)
where: Aj, Ay, and Aj are regression coefficients and Ay is the basin area.

In this equation, individual regression coefficients were derived for each return period. By
plotting the sediment yield per unit area as function of the basin area, it was observed that a
decreasing power function could be applied to adjust this equation as function of the basin area.
The largest sediment yield per unit area resulted from the basins with the smallest drainage area.
The derived adjustment equation was:

F,=5.69 * A, (03739

where: F, is the adjustment factor in Table 4 that is used to multiply the total sediment load in
the above equation.

Table 4 lists the results from the application of the adjustment factor in re-computing the mean
annual sediment yield and the sediment yield period unit area (last column). The result is that
the average sediment yield (0.48 af/mi*/yr at the bottom of Table 4) for all the tributary basins
matches the average sediment yield per unit area defined by the NRCS analysis (last column of
Table 5). This is more realistic of the potential future loading of the basins that are contributing
sediment to the RGCP reach.
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It is concluded that although the approach in the Corps report to calculate the total
sediment supply to the RGCP was excellent, the selection of parameters, application of the
sediment transport equations and the supercritical flow assumptions resulted in an over
prediction of the mean annual sediment yield. In order to determine an appropriate sediment
supply to the RGCP for future modeling efforts, the estimated sediment load as a function of the
basin area was reduced using an adjustment factor equation.

Data Acquisition — Diversions and Return Flows

To replicate historic flow events and calibrate the RGCP FLO-2D model, it was
necessary to compile diversion flows and return flows for selected periods of record. The
channel cross section data was collected in June and July 2004. To calibrate the water surface
elevations collected with the cross section data during this period, the flow diverted from the
river at the four diversion dams and the associated irrigation return flows are required. July 1995
was a period of relatively high flow releases from Caballo Dam and the diversions and return
flow were necessary for these periods. Elephant Butte Irrigation District (EBID) provided the
diversion and return flow data for the four diversion dam canals and various wasteways. Only a
few selected wasteways for the return flow from the diversion dams are monitored by EBID and
some of these had discharges of less than 10 cfs. Those returns that were less than 10 cfs for the
calibration period were excluded from the model. The Caballo Dam release, the diversion flows
from the four diversion dams and the selected return flows were compiled in the INFLOW.DAT
file.

Data Acquisition and Preparation — Topographic Data

In early 2005 a comprehensive digital mapping project was completed for a significant
portion of Dona Ana County, New Mexico including the Rio Grande corridor which was fully
mapped with color digital orthophotos, digital terrain data and contour graphics files. The
project involved a number of stakeholders and was administered by the Dona Ana County Flood
Commission (DACFC). Most of the funding was provided by Dona Ana County. Aerial
photography and terrain data using a Light Detection and Ranging (LIDAR) sensor was acquired
using a fixed-wing aircraft. The Albuquerque based mapping/consulting firm Bohannan Huston,
Inc. completed the project in approximately one year for DACFC. The FLO-2D flood simulation
project benefited from the enhanced resolution in the new DACFC mapping.

Over 1,200 square miles were topographically mapped by the project. The mapping
products were parsed into files that correspond with the Public Land Survey System (PLSS). A
digital ortho file, a terrain data file, and a contour file were prepared for each section of land that
was mapped. The New Mexico State Plane Coordinate Grid System NAD 83 Central zone was
utilized for map geo-reference control. Coordinate files were written in U.S. survey feet and
elevation data was referenced to the North American Vertical Datum 1988 (NAVD 88). File
names were organized corresponding to township, range, and section. Figure 2 shows the
extents of the mapping project and an example set of file names are listed in Table 6.
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Table 6. Example Topographic Data File Names and Descriptions

Typical File name Description
T18SR04WO05pnt.txt ASCII random point file — northing, easting, elevation — space delimited
T18SR04WO05lin.txt ASCII breakline point file — northing, easting, elevation — space delimited
T18SR04WO05pnt.gen ASCII random point file — northing, easting, elevation — comma delimited
T18SR04WO05lin.gen ASCII breakline point file — northing, easting, elevation — space delimited
T18SR0O4WO05.tif Natural Color digital orthophoto — uncompressed — 1 foot pixel
T18SR04WO05.tfw World file — works with corresponding tif file to provide reference
T18SR04WO05.ecw Natural Color digital orthophoto - Compressed
T18SR04WO05.shp Contour graphics file — 2 ft CI

The LIDAR data base was used to develop 2 foot contour interval mapping along the Rio
Grande corridor. The mass point LIDAR data was edited and filtered to eliminate points that did
not reflect “bare earth” ground points. In addition, limited supplemental breakline data was
developed and coupled with the LIDAR data. These two types of point files were used to build
the digital terrain models (DTM) for the project from which the contour files were generated.

Digital orthophotos were generated from the 1:12000 scale aerial photography. The
photography was scanned and rectified at a resolution which produced 1 foot pixels in the final
digital image files. These high resolution images were delivered in 120 mega-byte files and
show significant detail of the floodplain features. An example 1 foot pixel digital orthophoto is
shown in Figure 3.

Figure 3. Example of 1 foot pixel digital orthophoto
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The Corps of Engineers and its consultants originally planned to use 1995 digital
mapping for the development of the FLO-2D model in the Canalization Project reach. When it
became apparent the more comprehensive mapping from DACFC would be available in early
2005, the flood routing project was delayed by several months to be able to utilize the new DTM.
The Corps purchased the digital mapping project from DACFC. The entire suite of files required
three massive (terabyte +) Lacy hard drives and the Corps retains these drives at their
Albuquerque, New Mexico project office.

Tetra Tech acquired a band of the digital mapping tiles from the Corps covering the Rio
Grande corridor after the final mapping data was delivered to DACFC. The required files were
copied from the Lacy drives to DVDs for use on the FLO-2D flood routing project. The DTM
data base files and aerial images were sorted and correlated with the river system by Tetra Tech.
A shape file was developed to indicate the image positioning on the FLO-2D grid system. The
DTM points were imported to the FLO-2D Grid Developer System (GDS) along with the images
in 12 groups. The DTM point data base was edited to reduce the overall number of points that
had to be interpolated to assign the grid system elevations. The Rio Grande valley floor was
delineated for the potential area of inundation outside the levee system and DTM points outside
this area were deleted.

Each of the 12 groups of DTM points were filtered for both high and low DTM
elevations and grid element elevations were then interpolated and assigned to the grid system.
For the high filter a minimum of 10 DTM points and a difference in the mean elevation of 2 ft
was applied to each grid element of 250 ft. All the DTM points within the radius of 250 ft of the
grid element center were used to compute a mean grid element elevation with the requirement
that there were at least 10 DTM points. If the minimum criteria of 10 DTM points was not met,
then the radius is expanded in increments of 250 ft until 10 DTM points were found. The DTM
point density was so high however, that it is unlikely that any of the grid element interpolations
had to be expanded. When the filter was applied, the mean elevation of all the DTM points
within the 250 radius was computed and all those DTM points whose elevation was higher than
the mean elevation plus 2 ft were deleted and the grid element mean elevation was recomputed.
This filter methodology eliminated those DTM points that might represent trees, buildings or
highway on-ramps from being included in the interpolation of the grid element elevation.
Similarly a DTM point low filter of 3 ft was applied to eliminate points that might represent the
river bed from being incorporated into the interpolation of the floodplain grid elevations.

After the 12 groups of grid elements were interpolated from the DTM points, the groups
were combined into one grid system. This was accomplished by starting at the upstream end and
appending the subsequent groups of grid elements to the first grid system files (FPLAIN.DAT
and CADPTS.DAT). When the grid system for each group was numbered and interpolated, the
location of the upper left grid element center of the group was controlled by the lower left row of
grid elements of the previous group and the last grid element number in the previous group of
grid elements. Once all the files were appended, the final task was to identify the contiguous
grid elements along the seam between each group of grid elements. The process consisted of
typing in the grid element numbers in the FPLAIN.DAT file that constituted neighbors across the
seam of the two groups of grid elements. Accuracy of this manual process was verified by
running the FLO-2D CHECKER processor program that checks that each grid element has the
correct contiguous grid elements. The FLO-2D grid is shown in Figure 4.
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The completion of the FPLAIN.DAT and CADPTS.DAT files constituted the
topographic representation of the floodplain for the RGCP FLO-2D model. To run a flood
simulation without a river channel, a simple artificial hydrograph was prepared in the
INFLOW.DAT file, a set of outflow nodes were assigned along the southern boundary of the
entire RGCP grid system, and the CONT.DAT and TOLER.DAT files were created for model
control and numerical stability. Following the successful simulation of a flood over the Rio
Grande floodplain, the channel, infiltration, levees and other physical attribute data files had to
be developed to add detail to the RGCP flood model. These details are discussed in the
following sections.

Data Acquisition and Preparation — Channel Cross Section Surveys

An important component of a riverine flood routing model is an accurate assessment of
available flow area within the active channel. This defines the relationship between the volume
of water in the channel and the volume of water on the floodplain, thereby determining the total
storage volume for floodwave attenuation. A total of one hundred forty-five cross sections were
established and surveyed in July 2004 by Tetra Tech, Inc. A separate report “Field Data
Collection Report Cross Section Surveys and Plots” was submitted to the Corps in November
2004 that transmitted the surveyed cross section data base, plots, photos and other data.

A cross section defines the channel geometry such as top width, depth, slope, and bed
material. Simulating channel flood routing is facilitated by the correct selection of cross sections
in channel transition reaches,. When channel transition reaches are adequately defined,
numerical modeling is more stable. For this reason channel cross sections are more numerous in
the vicinity of bridges and diversion dams. The cross sections were surveyed by either wading
the channel or by using a small survey boat. The surveys were performed using engineers’ level
and tag line stretched between cross section end points.

The cross sections were numbered and labeled in three groups. The “Below Caballo”
(BC) lines begin below the dam and extend to the Leasburg Diversion Dam. The “Leasburg
Dam” (LD) lines begin at Leasburg Dam and extend to the Mesilla Diversion Dam. The “Mesilla
Dam” (MD) lines begin at Mesilla Dam and extend to the American Diversion Dam in El Paso.
There are sixty-six (66) BC lines, twenty-five (25) LD lines, and fifty-four (54) MD lines. Cross
section locations for the three sets of lines are shown in Figures 5, 6, and 7. The endpoint
coordinates of the lines are referenced to the New Mexico State Plane Coordinate Grid System
(NMSPCGS) central zone NADS83 and the elevations are referenced to NAVDS8S8. The units for
the coordinate data are U.S. survey feet. In addition to the cross section surveys, six
representative riverbed material sediment samples were obtained and analyzed for size
distribution. Coordinates for the cross section data were obtained by surveying end point
monuments with an engineering grade Real Time Kinematic (RTK) Global Positioning Satellite
(GPS) system. A survey control network established in 1994 to support the topographic
mapping associated with the Rio Grande Canalization Improvement Project was used for control
of the RTK survey.
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SURVEYED CROSS SECTION LOCATIONS
FLO-2D PROJ